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The depths of the ocean impose upon the animals which live there a
very different set of environmental conditions from those found at the
surface.  Absence of sunlight. low temperature, high pressure and vis-
cosity, and a somewhat different chemical composition of the sea water
necessitate morphological and physiological modification in the organ-
isms which inhabit deep water. Some of these modifications are well
known. For example, if we select the more obvious features which are
associated with low light intensity, or even complete absence of sunlight,
we must inelude the presence of photophores, peculiar pigmentation of
the body, and adaptation of the eyes for vision at a very low intensity
of illumination. The photophores and eyes of certain groups of deep-
sea crustaceans and fishes have been studied in some detail in the past
and are reasonably familiar to biologists. One of the first and best
known studies in which the structure of the eye was related to depth
was that of Beddard (1884) on the isopod genus Serolis. A similar
study was made later (Beddard, 1890) on the genus Arcturus. Smith
(1886) and Henderson (1888) had already noted the tendency toward
degeneration in the eyes of deep-water crustaceans, but neither had
made a detailed study of these eyves. Chun's (1896) study of the very
unusual eyes of deep-water euphausiids was made from collections of
the “ Challenger ” as were Beddard’s.

From the collections of the ** Valdivia,” Doflein (1904) obtained
material for a valuable study of the eyes of deep-sea crabs. Dolirn
(1908) described the eyes of a few other crustaceans taken by the
“Valdivia.” More recently Hanstrom (1932-33) has had an oppor-
tunity to study the eves of deep-water crustaceans.

The problem which confronted these workers, and many others who
have made more casual observations, was to explain why some forms
found in deep water have well-developed and apparently functional eves
while others are completely blind or have very degenerate eves.  This
still remains the most interesting problem in connection with a con-
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sideration of the cffect of depth and hence of diminishing light on the
cve.  There are many more problems which the older investigators
would have doubtless solved 1f they had had more material from known
depths. living material, and a more-constant supply.

The regular operation of the research vessel © Atlantis ™ of the
Woods Hole Oceanographic [nstitution has made it possible to study
further the animals of the deep sea and has led to the planning of a
program in which the first step has been to investigate more fully the
modifications with depth in the eves of certain of the crustaceans.
What happens to the size of the eye, the number of ommatidia, the
amounts of reflecting and screening pigments, pigment migration, and
the structure of the rhabdomes with increasing depth?  What is the
relation between the development of the eye and the presence or absence
of photophores?  Such questions, dealt with in an introductory manner,
using for material certain represemative deep-sea acanthephyrids or
prawns, are those we wish to discuss in the present paper.  Final con-
clusions must await the study of many more types of crustaceans from
known depths, but certain tendencies are noticeable in the work thus far
carried out.

The authors are indebted to several members of the Woods Hole
Occanographic Institation, particularly to Dr. H. B. Bigelow, and to
Mr. B, B. Leavitt from whose collections, made in a study of the verti-
cal distribution of deep-water plankton, some of the material for the
present study was obtained.  The expense of preparing the eyes histo-
logically has been cared for in part by a grant from the Milton Fund
of IHarvard University.

MeTions

The first problem in understanding the effect of the physical en-
vironment on deep-sea animals is to obtain a series of a given species
from known levels, sufficiently large so that it is possible to determine
the average level at which such a species lives.  The use of open nets is
unsatisfactory as animals are caught at all levels, and only after a large
number of hauls at a given station can an idea of the vertical distribution
of a species be determined.  Nets which may be sent down to the de-
sired Tevel closed, then opened and towed at that level, and finally closed
hefore heing brought to the surface are almost a necessity. To operate
two to five such nets, particularly when towing at depths of one to two
miles, presents mechanical problems which have been quite adequately
solved.  The closing net used in deep-water tows from * Atlantis ™
previous to 1936 is deseribed in a paper by Leavitt (1935). The type
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of net used during the 1936 cruise was modified somewhat and was
found to be well adapted for collecting material alive or in good con-
dition. Tt will be deseribed in a later paper.

The locations of stations from which material was obtained in 1933
and 1934 are given by Leavitt (1935). During July, 1935, two stations
were made in the Sargasso Sea: Station No. 2462 (42° 29' N. and 70°
21" W.) and No. 2463 (42° 27’ N. and 70° 14 W.). During late Au-
gust, 1935, one station was made on the inshore side of the Gulf
Stream: No. 2475 (38° 25’ N. and 71° 04 \W.). 1In September, 1936,
collections were made at Station 2666 (39° N. and 70° \W.) and at Sta-
tion 2667 (35° 40" N. and 69° 36" \V.).

Obtaining deep-water animals living and in good condition is a
second difficulty.  \Where there may be a warm surface layer, as on the
slope side of the Gulf Stream, the animals coming from deeper layers
are subjected to a considerable increase in temperature which, it is be-
lieved, is much more damaging than the reduction in pressure. The
following temperatures were found in early September, 1936.

Station 2666 Station 2667
Slope side of Gulf Stream Sargasso Sea

Depth Temp. °C. Temp. °C.
Surface . ... 21.0° 26.2°
200m..... 9.7° 18.3°
400 m..... 5.4° 17.8°
800 m.. ... 4.5° 14.9°
1000 m..... 4.2° 11.7°
2000 m..... 3.6° 4.3°

It may be seen that while there was a difference of 5.2° C. at the sur-
face, at 400 m. there was a difference of 12.4° C. Alany more of the
larger crustaceans were living when they arrived at the surface at Sta-
tion 2667 than at Station 2666.

During the two trips in 1935 an opportunity was had for the first
time to study living forms. Among the acanthephyrids only one spe-
cies, Systellaspis debilis, was obtained alive in any considerable numbers.
The ounly requirement for keeping this form living was found to be a
low temperature. At 10° C. they survived for three days, at the end
of which time they were killed ; therefore, at that time it was not known
low much longer they would have lived. During the 1936 cruise a
cooling system was on hoard which made it possible to maintain tanks
of sea water at 5° C. Many more forms were taken alive and several
species of crustaceans were kept living for the duration of the cruise.
Apparently it is possible to maintain many deep-water forms alive if
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they are kept at a temperature relatively the same as that where they
normally live.

The material used for histological study was fixed in Bouin’s im-
mediately on removal from the nets or, in cases where it was desired
to obscrve pigment nuigration, was kept illuminated for a period of
ume before fixing, It was found quite necessary to cut through the
carapace 1 order to obtain sufficiently rapid penetration of the fixative.
The paraffin method was used in sectioning the eves.  In estimating
relative amounts of pigment it was found desirable to leave some sce-
tions of each eve unstained.  Ehrlich’s hasmatoxylin and a counter of
cosin were emploved for staining those sections which were used in
studyving the general structure.,

MATERIAL

Although certain species of the Acanthephyridae are so numerous
that the possibilities of fishing for these prawns on a commercial scale
have been suggested, it was as late as 1831 before more than two species
of the family were known. Today. due to the many deep-sea expedi-
tions in the past fifty vears, the family is represented by six genera and
forty-five species.  The acanthephyrids normally inhabit the deeper
parts of the sca where the penetration of sunlight is practically 1m-
measurable—the so-called ** red prawn-hlack fish ™ region.

Like a number of other deep-sea animals which have been known to
science for only a short time, the acanthephyrids are a comparatively
primitive group.  The biramous form of the legs, one of the most dis-
tinctive characters of the family, ranks them among the most primitive
members of the decapod Crustacea.  Their color, with but a few ex-
ceptions, 1s a uniform deep erimson red.  Ta other respects the species
may differ so noticeably {rom each other that a cursory cxamination
would scarcely Tead to their inclusion in a single family.  The integu-
ment varies from a hard, polished, armor-like shell to a membranous
skin which is displaced or torn from the slightest handling : the rostrum
or “head-spine " is typically long and slender, hut in many species it 1s
almost entirely lacking ; the legs may be short and comparatively stout,
or long, slender and fragile, or they may be modified, as in Ephyrina,
into broad, lamellate appendages; and the eggs are either so small that
many hundreds may be attached to a single female, or so large that
twenty-five would be @ burden to even the larger species. Tt will soon
be seen that this diversity of form is likewise illustrated by the cyves of
these prawns.  Since most of the species are strictly bathypelagic or-
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ganisms, they probably obtain their food from the detritus that is con-
stantly raining down fromn the swarms of minute plants and animals
at the surface of the sea. They are peculiarly adapted to strain this
food from their surroundings: the thoracic legs are all provided with
numerous long hairs and spines which apparently form a very cfficient,
sieve-like basket when the legs are held curved heneath the body. In
the genus Ephyrina the legs ave strikingly wide and flat so lll(lt: when
leld in position, they perform their function in much the same way
as the baleen of the whale-bone whales.  This modification of the legs
for food-gathering 1s of particular interest when one realizes that the
thoracic limbs of most shrimp-like Crustacea are used primarily for
walking on the sea-bottom and play no direct part in the swinmming
moventents of the animal.  Since many of the acanthephvrids probably
spend their entire lives far above the sea-floor, the thoracic legs would
be only a hindrance to the progress of the prawn through the water if
they were not modified to perform a function entirely apart from that
for which they were originally designed.

There are, of course, few barriers to the dispersion of bathypelagic
organisis which inhabit a world-wide zone of comparative uniformity
of temperature and salinity. Many of the Acanthephyride, as in most
families containing a like number of forms, are known from a very few
specimens and little can be concluded about the distribution of those
forms at present; but of the commoner ones, some are practically cos-
mopolitan, some seem to have a discontinuous range, while still others
are confined to a reasonably small arca. The Indo-Malayan region has
the largest representation of these species, if our present records are
rehable, with the North Atlantic second in importance. It is a curious
fact that there are at least three reasonably common species in the Indo-
Malayan region which so far have not been encountered elsewhere, but
all three of these species show a very close relationship to three other
forms which have been found almost everywhere except in the Indian
Ocean.  Much more data must be accumulated before the factors re-
sponsible for the specific isolation of bathypelagic organisms are known.

As regards the vertical distribution of the group the available data
are likewise incomplete.  However, of the forty-five species, thirty have
been taken with mid-water nets and must be bathypelagic for at least
part of the time. Further investigation will undoubtedly reveal that
at least some of the remaining fifteen species seldom go down to the
sea-floor. Oun the other hand, three stout-legged, heavy-bodied forms
which have always been taken with the dredge or trawl can safely be
termed benthonic animals.
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Investigations undertaken in the past few years by Mr. Leavitt on
* Atlantis 7 have yielded invaluable mformation regarding the actual
depths at which we may expecet to find acanthephyrids in the North At-
lantic.  The accompanying tables (Tables I, TT, and T11) give the depths
at which three of the most common Atlantic species have been taken
with closing nets.  Incomplete as these records are, it is quite evident
that Hymenodora glacialis normally {requents a deeper zone than either
of the other species, a fact which agrees with carlier data.  Acanthe-

TapLe I

Depths at which specimens of Acanthephyra purpurea have been taken with closing nets
by the *‘ Atlantis.”

Depth in meters “Atlantis™ Station Number of specimens Total specimens
300 1737 1 1
400 2263 10 10

2263 65
800 2462 7 74
2463 2
920 2216 10 10
2 ; ;
1400 2263 1 1
1600 2263 1 1
1800 2216 2 2
2200 2263 1 1
2600 2260 2 2

phiyra purpurca has heen taken i open nets from the surface, where one
specimen was collected with a dip-net down to 2800 meters, but the
majority liave been found between 400 and 1000 mieters.  £1. glacialis
has been found on two oceasions at the surface in the Arctie, and some
numbers of that species have been found in the stomachs of aretic sea-
birds.  The shallowest trustworthy record for the species taken with
midwater nets, however, is one in which ten specimens were taken in
750 meters, and by Tar the largest number of specimens have come from
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TarLe 11

Depths at which specimens of Systelluspis debilis have been laken with closing nets by
the " Atlantis.”

Depth in meters “Atlantis" Station Number of specimens Total :v i;u: 1
400 2263 7¥7715 a N 15 7
600 2260 1 1
800 2462 9 9
1800 2263 1 1

depths greater than 1000 meters.  This species has also been taken with
a closing net by the ** Valdivia ™ Expedition in over 4200 meters in the
South Pacific.  Swstellaspis debilis apparently frequents slightly shal-
lower depths than the other two species, regardless of the fact that it is
the only one of the three which has not been found at the surface. It
has been collected with open nets between 32 and 2000 meters and ap-
pears to be most abundant between 150 and 500 meters.

At present little is known of the daily vertical migration of these

TasLe 111

Depths at which specimens of Hymenodora glacialis have been taken with closing nets
by the ‘‘ Atlantis.”

Depth in meters ““Atlantis’’ Station Number of specimens Total specimens
1000 2463 2 2
1200 2462 3 3
1400 2263 4 4
o : ;
2000 1737 3 3
2200 2263 1 1
2600 2260 2 2
2800

to 1739 1 1
3200
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species.  The results of past expeditions seem to indicate a very slight
movement toward the surface at mght m . purpurca and S. debilis
but absolutely none in 71, glacialis (Murray and Hjort).

An examination of the external features of the eves of these and
other acanthephyrids offers a partial explanation of the above findings.
The form of the eyes, although extremely diversified in the group as

(Figures 1-6 are dorsal views of the right eye and cyestalk)
. 1. cleanthephyra purpurca, X 5.
[F16. 2. Ephyrina benedicti, male, X 4.
IF16. 3. Notostomus longirostris, small female, X 5.
Fia. 4. Swystellaspis debilis, X 7.5.
16, 5. Oplophorus grimaldii, male, X 7.5.
16, 6. Hlymenodora glacialis, male, X 7.5,

a whole, remains fairly constant within the separate genera. The eves
ol the species of Acanthephyra (Fig. 1) are of normal size, generally
well pigmented with a dark brown pigment and, as in the other genera,
the dorsal surface of the evestalk is provided with an incomplete, deeply
pigmented ocellus or accessory cornea, whose function is unknown.,
I some species the ocellus is complete and entirely distinet from the
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true cornea, while in others it may be partially fused with the cornca
or even entirely absent. The eyves of Zphyrinag (Fig. 2) and Notosto-
mus (Fig. 3) while similar in size and shape to those of ccanthephyra
have a jet-black pigment which remains for many vears even in alcohol.
In Systellaspis (Fig. 4) the cornea is considerably larger in proportion
to the stalk than in the foregoing genera. The extreme size is attained
m the species of Oplophorus (Fig. 5) in which the eve may be actually
broader than long, and the cornea js generaly set diagonally on the end
of the stalk. It is worthy of note that these large-eyed species of
Systellaspis and O plophorus possibly all possess photophores. The
other extreme is found in the eves of the two species of Iymenodora
(Tig. 6). 1In these forms the corneal portion is reduced to a size which
is considerably smaller in diameter than the eyestalk. On recalling the
records concerning the vertical distribution, it will be seen that thosc
species which have the largest eyes apparently frequent the shallower
layers of water, while those with vestigial eyes, like Hynienodora, may
be termed truly abyssal forms.

The accompanying graph (Fig. 7), despite inaccuracies that can
scarcely be eliminated in measuring tissues so subject to alteration after
preservation, clearly indicates that the eyes increase in diameter in
proportion to the length of the carapace. Tt is also quite obvious that
the degenerate eyes of IHymenodora increase in size very little with
the growth of the animal. Perhaps the most striking fact brought out
by these measurements, however, is that the eyes of Oplophorus gri-
maldii and Systellaspis debilis, two forms bearing photophores, are
larger in relation to body size than are the eyes of those forms lacking
luminescent organs.

COMPARATIVE STRUCTURE OF THE EVES

Fortunately the three most abundant species of acanthephyrids in
the North Atlantic and therefore those whose vertical distribution is
best known, represent three possible trends in the development of the
eye. Acanthephyra purpurca is found in greatest numbers within the
photic zone, and as it shows a diurnal migration this species must he
influenced by the penetrating daylight, although of extremely low
mtensity. Even in the Sargasso Sea, where the water is very clear,
the intensity of blue light at noonday may be reduced to 0.5 per cent
of the light at the surface, at a depth of 180 mecters (Clarke, 1933).
The penetration of other components of daylight into Atlantic waters
may be found in a paper by Oster and Clarke (1935). A. purpurca is
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found far below 180 meters during the day; hence it must be subjected
to a very low intensity of illumination.

Swvstellaspis debilis has much the same vertical distribution as A.
purpurca, but this form possesses numerous photophores, and, as has
already been pointed out, there is an apparent correlation between the
size of the eye and the presence or absence of photophores, for species
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IF1c. 7. The diameters of the eyes of four series of acanthephyrids are here
shown plotted against carapace length. Oplophorus and Systellaspis have photo-
phores.

of Svstellaspis and O plopliorus have larger eyes in proportion to body
size than the other genera of acanthephyrids which tack photophores.

The ability to enit clouds of luminous material is possessed hy
certain of the deep-sca prawns, as has been mentioned by Alcock (1902)
and by Beebe, who observed this phenomenon frequently in his bathy-
sphere descents.  So little is known of this interesting method of il-
luminating the surroundings that it is not possible to hazard a guess as
to its effect on the development of the eye.
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The third species, I1ymenodora glacialis, inhabits a region well helow
the photic zone and does not possess photopliores and it will he shown
that the eyes of this species are very degenerate structurally.

It will not be necessary to describe the general plan of the eve of
acanthephyrids for it is basically like that of other decapod crustaceans,
and such eyes have been described by Parker (1891), Patten (1887).
Trojan (1913), to mention only a few of the earlier investivations of
the histology of decapod eyes. Jirom the standpoint of vision and
visual acuity the most important features to he considered in any com-
pound eye are the following: (a) number of ommatidia, (b) develop-
ment of the rhabdomes (the receptor units), (¢) amounts, distribution,
and movements of screening and reflecting pigments. To these should
be added the photosensitive material contained in the rhabdomes. So
little is known of the nature of this material that it cannot be discussed
at the present time. The average number of ommatidia in a longi-
tudinal section of an eye may be taken as a measure of the total number
of ommatidia and thereby the task of counting all the elements is
avoided. In all counts the eyes of large, mature individuals were se-
lected, although not the largest obtainable. In eyes of mature 4. pur-
purca (Fig. 10) averaging 2.5 mm. in diameter the average number of
ommatidia in a section was found to be 145. Eyes of mature S. debilis
averaging 1.9 mm. in diameter had an average of 81 ommatidia. Fyes
of H. glacialis averaging 0.6 mm. in diameter had an average of 22 om-
matidia.  The number of ommatidia, hence the number of rhabdomes,
determines in part the visual acuity of an arthropod; thercfore the
variation in number in these three forms must be significant.

The rhabdomes, whence the fibers of the optic nerve arise, are
in a sense the most important structures found in the compound eye.
A single rhabdome is formed of parts of the seven functional retinular
cells found i each ommatidium, and a longitudinal section presents a
peculiar striated appearance. In none of the acanthephyrids which
have been studied do the rhabdomes have the well-defined outlines seen
in the majority of decapods, including certain deep-water forms. Of
the three species being especially considered they are perhaps most
definite in S. debilis, and may be seen in sections of the eyes of light-
adapted specimens (Fig. 15) where they are outlined by the proximal
pigment. In A. purpurea they are difficult to distinguish (Fig. 9). In
all forms taken from the nets during either day or night they were
never surrounded by pigment. This means that light entering a given
ommatidium could reach the rhabdomes of neighboring ommatidia
(Exner, 1891).
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Dorsal view of the head of A. purpurca,
Photomicrograph of a scction of the eye of a young A. purpurca, X 40.

Y 9

I“16. 8.
I16. 9.
I'16. 10. Photomicrograph of an unstained section of the eye of a mature
A. purpurea, X 40.
Fre. 11, Reflecting pigment of the eye of a young .. purpurca as scen by
reflected light, X 35.
F16. 12, Reflecting pigment of a mature 1. purpurca, X 35.
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In I1. glacialis the rhabdomes are entirely lacking. The nuclei of
the retinular cells remain, and a few nerve fibers leave their vicinity
(Fig. 13). At best the eye of this form can be used only as a light
receptor. While not as degenerate as the eyes of certain blind crayfish
(Parker, 1890) there is certainly not the necessary visual apparatus for
image reception.

Evye ProMeENTS

Unpublished results obtained by one of us from keeping certain
decapods in constant darkness for a period of months indicate that
there may be a gradual reduction in the amount of screening pigment
in the eye. This is perhaps to be expected from the work of Odiorne
(1933) on the effects of black and white backgrounds on the body
pigments of certain fishes. Ts there any correlation in the acanthe-
phyrids under consideration between depth and the amounts of screen-
mg and reflecting pigment? In practically all decapod crustaceans from
shallow water there are two sets of screening pigments. The so-called
distal or irispigment is found around the cones, and in many forms
such as Pal@monctes (Welsh, 1930) it migrates in and out under the
influence of hormonal action (Kleinholz, 1936), forming the pseudo-
pupil which helps to regulate the amount of light reaching the rhab-
domes. In certain shallow-water prawns which are distinctly nocturnal
in their habits such as Peneopsis goodei (Welsh, 1935) and species of
Brachycarpus and Rhlivnchocinetes, the eyes of which have not been
described, the distal pigment forms a collar around the outer ends of
the cones and remains in that position in light and dark-adapted eyes.
In S. debilis the distal pigment is present in an amount comparable to
that found in nocturnal surface forms while it is slightly less dense in
A. purpurea and completely lacking in H. glacialis. In specimens of
S. debilis, light-adapted for three hours, there was no measurable mi-
gration of the distal pigment. Tn specimens of both A. purpurea and
S. debilis, fixed directly from the nets either during the day or night,
the distal pigment was always in the extreme outer position.

The second set of screening pigment, the proximal pigment, is found
in the retinular cells. Tn dark-adapted eyes of decapods in general, the
main mass is found below the basement membrane, white in the light
it moves peripherally to surround the rhabdomes and migrates between
the plates. In this position it absorbs a large part of the light which
reaches the rhabdomes before it has penetrated to any considerable
depth. Tn all specimens of A. purpurea and S. debilis taken from the
nets during the day or night the proximal pigment never surrounded
the rhabdomes and the major portion was in the position characteristic
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of exireme dark adaptation. In adults of these two species this pig-
ment is present in about equal amounts, but is much less dense than
in nocturnal forms found in surface waters. In voung of A. purpurca,
however, the proximal pigment is very heavy in the lateral portion of
the eve (Fig. 9). In H. glucialis the proximal pigment is entirely lack-
ing as is the distal pigment.

If we assume that the diurnal vertical migrations of A. purpurea
and S. debilis keep these forms in a region of very low but constant
light intensity, it would be interesting to know whether the proximal
pigment still retains the ability to migrate around the rhabdomes when
these forms are subjected to illuminations of high intensity. Tt was
possible to test this point with S. debilis and A. purpurea. Figure 16
is a photomicrograph of a section of the retina of a specimen of S. debilis
which had been kept in darkness for three days. Tigure 15 is of a
similar region of the retina of a specimen kept in diffuse daylight for
one hour. During this time the pigment had migrated for some dis-
tance peripherally and had surrounded the proximal two-thirds of the
rhabdomes.  This indicates that the ability of the proximal pigment to
migrate still persists even though it may never do so normally in the
lifetime of the organism. The proximal pigment of A. purpurea is
also capable of movement although after prolonged light-adaptation it
seldom migrates far into the retinular cells.

The reflecting pigment of decapod eves is a layer of amorphous
guanin which is concentrated around the bases of the retinular cells
and acts as a murror to reflect light back into the rhabdomes (Welsh,
1932). A reflecting or tapetal layer is found in most animals which
are active during the night or which live in a region of low light in-
tensity ; therefore it is not surprising that this pigment layer is well-
developed in the eyes of deep-water decapods.

ExrrLanaTtioN oF Figs. 13-18

Fic. 13. Secction of the eye of H. glacialis photographed with transmitted
light, X 60.

Fra. 14, Section of the eye of I1. glacialis photographed by means of re-
flected light, X 60.

Fic. 15, Region of the retinular cells and rhabdomes of a light-adapted eye
of S. debilis, X 175.

Fra. 16, Region of the retinular cells and rhabdomes of a dark-adapted eye
of S. debilis, X 175.

I16. 17, Section of a portion of the eye and the papilla of O. grimaldii photo-
graphed with transmitted light, X 50.

1716, 18, The same photographed with reflected light, X 50.
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The eyes of . purpurca and S. debilis have this refiecting laver in
addition to the usual screening pigments (Figs. 11 and 12) while 77.
glacialis has only reflecting pigment (Fig. 14). The quantity of re-
flecting pigment in I/, glacialis is greater in proportion to the size of
the eve than in the other two forms under consideration. [t is worth
noting that in a series of five species of Sergestes which have been
studied in a preliminary way there is a rather striking correlation he-
tween the amount of reflecting pigment and the depth at which the sev-
eral forms were taken,

Discussiox

The gradual modification of an organ such as the eve as a result of
environmental changes, or changes in habit, is one of the fascinating
aspects of evolution. .\ comparison of the eves of forms which are
active at night with those which are active during the day reveals struc-
tural and functional adaptations which are among the best examples of
the manner in which hving material inay be modified by external con-
ditions.  The degeneration of the eve of cave cravfishes (Packard,
1888; Parker, 1890) is a striking iilustration of the disappearance of a
useless organ.  In the sea we have a gradual reduction in the amount of
sunlight which penetrates into the water until a depth is reached, which
varies with the locality, at which there is a complete absence of sunlight.
The animals of the deep sca have without much question evolved from
shallow water forms.  Their eyes have become modified depending on
the depth to which they have migrated. In regions of low light intensity
they are, in general, so changed by an inerease in size, loss of sereening
pigment, and in other ways that they are doubtless quite cffective organs
of sight. Below the level to which light penctrates some are degenerate
and some are completely lacking.  On the other hand, some are large
and, structurally at least, well adapted for vision or for light recep-
tion.  This fact still remains as one of the most baffling problems asso-
ciated with the biology of deep-sea animals.  Can there be enough light
produced by luminescence to account for the well-developed eyes of
some abyssal forms, particularly those living on bottom? This is the
question with which most discussions of the eyes of deep-sea animals
have ended. It is our hope that if the opportunity remains to continue
these studies this question may be satisfactorily answered,

SUMMARY

1. Three species of acanthephyrids have heen taken in closing nets
in the region of the Sargasso Sea and in slope water near the Gulf
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Stream in numbers sufficient so that their vertical distribution is quite
accurately known.

Acanthephyra purpurca and Sysiellaspis debilis are found mostly
within the photic zone. Haymenodora glacialis inhabits a region below
that to which sunlight penetrates.

2. The eyes of A. purpurca and S. debilis are quite similar structur-
ally to the eyes of shallow-water prawns, except that there is less screen-
ing pigment. :

3. Species of Svstellaspis and O ploplorus possess photophores and
the eyes of these forms are larger in proportion to body size than the
eves of those acanthephyrids which lack photophores.

4. The eyes of H. glacialis are quite degenerate. The rhabdomes,
and both distal and proximal pigments are lacking. The reflecting pig-
ment layer is well developed.

5. Characteristic movements of the proximal pigment of S. debilis
and A. purpurea occur as the result of light adaptation.
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